The Rise of Obesity in Transition: Theory and Empirical Evidence from Russia Introduction
Since the early 1990s series of political and economic reforms have been implemented in transition economies. As a result, the population experienced dramatic changes in lifestyle and a significant decline in life expectancy. The adverse effects of transition were most severe in the Former Soviet Union. Several studies examine the reasons for the mortality crisis in Russia and other former Soviet republics (Brainerd and Cutler, 2005; Shkolnikov et al., 2004) . Greater alcohol consumption and increased stress from the transition to a market economy had dramatically affected the lifestyle and diet of the population, and led to higher mortality in Russia. Furthermore, the authors find that rising human obesity has important health consequences and is a significant predictor of mortality.
Obesity has also become a major contributor to the global burden of chronic diseases and disability. The emerging and transition economies, including Russia, had the highest number of diabetics, a condition closely associated with obesity, in 1995 (WHO, 2006) . Therefore, a greater understanding of the rise in obesity and its causes in transition economies could lead to important policy recommendations for reducing the problem and improving the health of the population.
The risk of obesity is strongly influenced by diet and lifestyle which have been changing dramatically as a result of economic and nutritional transitions. However, very few studies have examined the causes of obesity in transition economies in contrast to the large literature on high-income countries (Chou et al., 2004; Lakdawalla et al., 2005; Rashad et al., 2006) . Mendez and Popkin (2004) find that the population of low-income countries has also become susceptible to obesity in the process of economic development. Liefert (2004) examines food 1 security in Russia and points that a serious health problem is overweight and obesity "which have increased during transition and currently affect over half of the adult population." Zohoori et al. (1998) find that the prevalence of obesity, as well as the alcohol consumption, has risen significantly in Russia during the 1992-1996 period. Huffman and Rizov (2007) also find that obesity has increased since 1994, over ten years of transition, by more than 30 per cent.
The goal of this paper is to develop theoretical and empirical models to examine human obesity in Russia. Individual and household-level data from the Russian Longitudinal Monitoring Survey (RLMS) for 1995 and 2004 is employed to study the rising obesity in the framework of the productive household model. The derived empirical model is estimated for samples by period -1995 and 2004 , as well as by obesity status subsamples -normal weight, overweight, and obese individuals. The two periods in our analysis are chosen because the first, 1995 is close to the start of the transition and the second, 2004 is a decade into the transition when the effects of (long-term) economic and general lifestyle changes should be apparent. Empirical results strongly support our model of production and supply of BMI (body-mass index) and weight that we develop to explain the phenomenon of overweight and obesity in Russia. The paper continues as follows. Next, the theoretical model is outlined, followed by description of the data and econometric specification, discussion of estimation results and conclusion.
Theoretical model
The productive household models of health developed by Rosenzweig and Schultz (1982) and Grossman (2000) , and the agricultural household models developed by Huffman (1991) provide a useful framework for analyzing overweight and obesity. An important proposition in the framework is that the health status of each household member is determined by the degree of overweight and obesity of that member. Therefore in the utility function we can directly introduce a measure of overweight/obesity instead of a measure of health status.
Thus, the individual has a utility function
Utility is determined by consumption of food, D (including tobacco smoking); consumption of other goods (excluding food) and services, C; body-mass index, BMI; leisure, L; and fixed characteristics, such as age, gender, education, and background, O.
The individual has a BMI production function
where ε is the unobservable individual characteristics that affect the individual's BMI; such characteristics may include genetic factors. In large samples ε will likely have a zero mean.
Food consumption affects utility directly and indirectly through BMI production, providing energy, vitamins and minerals.
The individual has a budget constraint
where P D and P C denote the prices of food (D), and other goods and services (C), respectively; W is the wage rate per unit of time, T is the fixed time endowment (T-L=work),
and N is the non-labour income.
For an interior solution of the model, we substitute equation (2) into (1) and use the budget constraint (3). The individual chooses D, L and C by maximizing his/her utility subject to the budget constraint. The utility maximization problem can be written as
where λ is the Lagrange multiplier representing the marginal utility of individual's full income. The first order conditions for an optimal solution are:
where
For an interior solution, equations (5)- (8) yield the individual's optimal demand functions for D, L and C:
Therefore, the demand for inputs into the BMI production function depends on the prices of the purchased inputs (P D , P C ), the wage rate (W), non-labour income (N), fixed factors (O) and unobserved factors (ε), which are assumed to have zero expected mean. After substituting the optimal demand functions D * and L * from equation (9) into the BMI production function (2), we obtain the individual's BMI supply function:
Note that the BMI supply function (equation 10) is a reduced-form (behavioural) relationship based on the optimal individual's decisions while the individual's BMI production function (equation 2) is a technology relationship. Equation (10) represents the solution to the firstorder (Kuhn-Tucker) conditions for the structural endogenous variables (D, L) in terms of the exogenous factors which include wages, prices, and characteristics of the BMI production and utility functions. This is the most common approach (in the labour supply literature) to make a transition to an empirical framework. An alternative "structural" approach to the transition to an empirical framework can be implemented in two stages, first, estimating the demand functions (9) and second, substituting the predicted values in the technology equation (2).
Given our goal to analyse the factors that led to rise of obesity in Russia and issues with data availability, specifically the lack of direct price information, we adopt the structural approach in this paper. Thus, in the empirical analysis, in a first stage we estimate optimal demand equations for various types of food (demand system) comprising the diet and for leisure (wage equation). We estimate an almost ideal demand system (AIDS) for food (and beverages) following Heien and Wessells (1990) and Shonkwiler and Yen (1999) and a standard wage equation with selection bias (Becker, 1965; Heckman, 1974; 1979) . In addition, we also estimate the propensity of smoking as we specify relationships following the literature initiated by Pollack (1970) and Becker and Murphy (1988) . In the second stage of our analysis, the predicted values of food expenditure shares, wages, and propensity of smoking are used as regressors, together with the exogenous factors listed in vector O, to estimate the BMI supply function:
Equation (11) is the focus of our empirical analysis in the following sections.
Data and econometric framework
To investigate the factors contributing to the rising obesity in Russia we employ data from the RLMS spanning a ten year period, between 1995 (round 5) and 2004 (round 13 
Food demand
The food demand system is specified as a standard AIDS following Deaton and Muellbauer (1980) and estimated following the procedure suggested by Heien and Wessells (1990) as we correct for censoring using the consistent method of Shonkwiller and Yen The food demand system is estimated in two steps, separately, for 1995 and 2004 periods, using probit regressions (with clustering at household level) in the first step and weighted SUR in the second step following Shonkwiler and Yen (1999) . A summary of estimation results is reported in table 3.
Propensity of smoking
We also estimate propensity of smoking, for 1995 and 2004 periods, following the literature on myopic addiction initiated by Pollack (1970) and extended by Becker and Murphy (1988) , in terms of rational addiction behaviour. The probability of smoking is specified as a function of prices (regional dummy variables) and income (expenditure) as well as of individual characteristics listed in vector O. Because smoking is addictive it follows a partial adjustment model (in the case of myopic addiction) where the lagged dependent variable represents a propensity of smoking which is carried over from period to period and its coefficient can be interpreted as an indicator of the strength of addiction.
Because of the cross-sectional nature of our analysis and issues with availability of data we include a dummy variable capturing the fact that the individual has smoked in previous periods, at least as long as half of his/her current age, thus capturing the cumulative long-run effect of addiction.
Furthermore, the rational addiction model of Becker and Murphy (1988) implies that the actual value (propensity) of future smoking should be included in the regression as well.
Such a specification would result in differential short and long-run price elasticities. Due to lack of appropriate information in our data we are not able to estimate the model of propensity of smoking by fully controlling for rational addiction behaviour. Becker, Grossman and Murphy (1991) , however, suggest that the long-run responses obtained from both myopic and rational models are similar.
Leisure demand
As an approximation of leisure demand we estimate a wage equation. Considering that our main goal is to analyse obesity and its determinants, an estimate of opportunity cost of time given that leisure is a normal good is a reasonable control for leisure demand. Wage equation is specified following Becker (1965) and is estimated following Heckman (1974) .
The predicted wage rate is used to control for leisure demand in the BMI supply equation.
The dependent variable in the wage equation is log of the wage rate and the explanatory variables are individual (as specified in vector O) and household characteristics plus regional dummies. Number of adult household members, number of children in the household represented by two age categories -up to 7 years of age and between 8 and 18 years of age, marital status, and non-labour income control for constraints and incentives an individual to undertake market employment and are used as identifying variables, in the first step.
Regional fixed effects control for relative labour market conditions and prices of food and other omitted variables that differ by region. The wage equation is estimated using the Heckman selection model, for 1995 and 2004 periods. It is noteworthy that education is a more important factor explaining wages in 2004 than in 1995. This fact can be interpreted as an evidence of advancing transition towards market system where skills mater more than administrative seniority and party affiliation.
BMI supply
In a second stage of our empirical analysis, we use the predicted values of food (and beverages) expenditure shares, propensity of smoking, and wage rate to estimate the BMI supply function. As explanatory variables are also included individual characteristics as specified in vector O, set of dummy variables controlling for type of occupation (managerial, professional, blue colour -technical and administrative, with a base category manual and self-employed workers), and the reported total calories consumed. The BMI supply equation (11) is estimated by OLS regressions, for 1995 and 2004 periods.
Our view is that equilibrium relationships between obesity and various individual characteristics and environmental factors, at any given point in time, are especially important for long-term policy analysis. In equilibrium, it is reasonable to assume that factors affecting obesity are predetermined, i.e., even though obesity affects an individual's characteristics, an individual's characteristics (and other behavioural and environmental factors) determine obesity. Important in this relationship are the lags of the effects. We argue here that the time lag of the obesity effect on an individual's characteristics is much longer than the lag of individual characteristics' effects on obesity. Therefore, our strategy is to estimate correlations between obesity measures such as BMI and weight and various factors affecting obesity in cross-sections and then compare effects across different dimensions of interest by the means of Wald (Chow) tests.
Estimation results of BMI supply equations
We estimate the BMI supply equations as specified in equation (11) There are important differences concerning the BMI supply in the two points in time This effect is likely associated with decline in the share of population that drinks as reported in table 3, which implies an increase in the share of heavy drinkers among drinking population.
Finally, as a control of eating patterns we also include in regressions total calories consumed as reported by individuals at a seven-day recall. Total calories consumed positively affect weight but the effect is quite small and only becomes statistically significant in 2004. We argue here that the level of calorie consumption reflects long-run pattern in consumption of quantity and composition of food and that it is predetermined with respect to an individual's obesity status. We also note that to check for endogeneity of the variable we run regressions without calories consumed and the results remain very similar to the results reported.
Higher propensity of smoking is always associated with lower weight. The effect is highly statistically significant and its magnitude increases over the ten-year period of analysis. Cigarette smoking tends to increase metabolism and suppress appetite, thus having a negative effect on weight. Also, evidence for both developed and developing countries suggest that that smokers consume fewer calories than non-smokers (Perkins et al., 1991) . Understanding obesity in Russia is important in order to define what public policies are most likely to be effective in preventing and reducing obesity. This study indicates that higher education, other things equal, has a significant negative effect on obesity, and thus contributes to good health. Education not only provides economic returns such as increasing earnings and employment, but also improves health and wellbeing. Furthermore, there are apparent differences between individuals in different occupations which are most likely 16 associated with differences in lifestyle and opportunity cost of time. Therefore, interventions which enhance education and awareness of healthy diet and lifestyle could play a vital role in preventing obesity in Russia. People should be educated about the impacts of diet and exercise on health, and therefore about the importance of healthy lifestyles and healthy diet.
Notes
1. This is analogous to the derivation of the supply function for farm output in an agricultural household model (Huffman, 1991) .
2. This is not a true panel survey where sample households and individuals are followed and interviewed in each round. After 1999 the original design was modified and some households and individuals who moved were surveyed at their new locations. The analyses of the RLMS data for attrition, carried out by the Institute for Social
Research at the University of Michigan, show that the exits can be characterized as random and that the sample distributions remain unchanged (Heeringa, 1997) . 0.39 Note: Number of observations is 3162 in all regressions. For diet reference category is bread and potatoes and for occupation -manual and self-employed workers. Level of significance of coefficients is denoted as follows: 10 per cent *, 5 per cent **, and 1 per cent ***. The Wald tests show the level of significance of joint differences for each of the three groups of variables. In parenthesis the level of significance of differences in the impact of education only is reported. 
